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ABSTRACT: During the past decades there has been a tremendous increase throughout the scientific
community for developing methods of understanding human brain functionality, as diagnosis and
treatment of diseases and malfunctions could be effectively developed through understanding of
how the brain works. In parallel, research effort is driven on minimizing drawbacks of existing
imaging techniques including potential risks from radiation and invasive attributes of the imaging
methodologies. Towards that direction, we are proposing a near filed radiometry imaging system
for intracranial applications. The methodology is based on the fact that human tissues emit chaotic
thermal type radiation at temperatures above the absolute zero. Using a phase shifted antenna
array system, resolution, detection depth and sensitivity are increased. Several different setups
are theoretically investigated and compared, so as to make the proposed system useful for clinical
applications. Combining previous research as well as new findings, the possibility of using the
proposed system as a complementary method for brain imaging is discussed in the present paper.
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1 Introduction
In the past decades functional imaging has been widely developed for mapping and measuring as-
pects of the brain function. Several techniques have been used, such as PET or fmRI. Using such
techniques, researchers have been able to contribute to brain function research and disease diag-
nosis. Due to their value, there’s a growing interest for improving these techniques, as well as to
investigate complementary methods that could contribute to brain imaging knowledge. Towards
this direction, the first research results on biomedical applications of microwave radiometry were
first introduced more than 30 years ago. Radiometry is the science that comprises the measure-
ment of the chaotic thermal electromagnetic radiation, emitted by any lossy media at temperatures
above the absolute zero. Using radiometry techniques, one can, therefore, obtain information about
internal temperature patterns and assist in clinical disease detection or monitoring for therapeutic
purposes. During the past years, several experiments, both in phantoms as well as in humans, have
been carried out. All of them verify the contribution of microwave radiometry in temperature dis-
tribution imaging [1–4], but also indicate that radiometric systems may be able to pick up brain
activation potentially due to conductivity changes [5].
However, most brain mapping devices are heavy, high cost and not portable. The present paper
introduces a new, prototype, low cost and portable system that could complement to the existing
techniques, and possibly contribute to brain mapping. The thermal type radiation, emitted by the
human body can be measured, by placing around the biological body a number of receiving phased
array antennas, as shown in figure 1 below. The signals are then measured and driven to a sensitive
microwave receiver, a radiometer operating at the same frequency range.
The use of multiple phase shifted antennas around the biological body enhances the in depth
detection ability as well as the collection properties of the system.
An optimum number of patch antennas is placed around the head and alternative setups are
herein examined, so as to verify its function and capabilities.
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Figure 1. The phased array model.
2 Materials and methods
In previous research [6], a single antenna setup has been used for simulated radiometric measure-
ments. The simulated trials, carried out by a commercial Finite Element Method (FEM) tool, have
verified the ability of such a system to detect radiometric signals from subcutaneous tissues from a
depth up to 3 cm. This is achieved by placing the antenna 2 cm above the head or by placing a 1
cm thick left-handed material (LHM) between the head and the patch.
In the present paper a conformal array of an optimum number of patch antennas, found to be
four, which are placed half a wavelength apart, is used.
The head is modeled by a three layered sphere, each layer corresponding to skin, skull and
brain. Each layer has the dielectric properties of the corresponding tissue. This approach neglects
some of the more complex characteristics of the human head, but previous research, e.g. [8], has
showed that spherical models constitutes good approximation of the human head in electromag-
netic analysis.
The main scope of the present research is the improvement of the spatial resolution of the area
detected via phase shifted measurements. The research is concentrated on examining whether the
system could provide reliable results from a pre-specified brain area. To achieve this, it is essential
to be able to observe a clear convergence of the antennas’ directivity beams at each performed phase
shift. Towards this direction, all the antennas modeled in the simulator environment, operate at the
same frequency, but having a different phase; each input signal is phase shifted in a cyclic way with
45◦ step. For example in the first trial of each antenna setup, the offset phase of the first antenna is
0◦, the offset phase of the second patch 45◦, the third 90◦ and the last 135◦. In the second trial of
each setup the phases are cyclically shifted resulting in a 135◦ offset phase for the first antenna, etc.
Towards this scope several configurations are theoretically tested and compared. The simulated
antenna setups include either “contactless” configurations or use of left-handed materials and/or
lossless dielectric media, as matching materials on the head-antenna interface.
3 Results
The antennas used are conformal patches, approximately 22mmx21mm each, implemented on
Rogers RO4003TM with er=3.52, operating at 2.96GHz. Among the various feeding techniques [7],
the SMA feed is preferred, mainly for constructive reasons. All the antennas are identical, placed
approximately half a wavelength apart.
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Table 1. Tissues’ dielectric properties.
Tissue Permittivity Conductivity
Avg. Brain 41.85 1.84
Avg.Skull 14.54 0.74
Skin(Dry) 37.47 1.72
Figure 2. Contactless setup-Clockwise phase shift, 45◦step, starting upper right.
Taking into consideration the structure of an actual head, a three-layer spherical model is used.
The skin is represented as a 2mm-width spherical layer, whereas the skull is a 1cm-width spherical
shell and a sphere of radius 89 mm represents the brain area. The dielectric properties of each
tissue are presented on table 1 [9].
The simulation results of the first topology are depicted in figure 2, where the phase shift
is applied clockwise; in the upper right case of figure 2, the first antenna has zero offset phase,
whereas in the lower right case, the second patch has zero phase etc. As depicted in the figures,
the desired area to be imaged is always under the antenna having zero offset phase. Measurements,
thus, can be taken from any desired area of the head.
In single antenna setups, it has been observed [6], that by using LHM as matching media, the
detection area is widened. Therefore, in the second simulated trial, the head-patch gap is filled with
LHM, with negative permeability and permittivity values, both equal to -1. The aim is to examine
whether signals from larger areas could be detected.
The simulated results, presented in figure 3, partially verify the usefulness of LHM in the
proposed system. The detection area is extended, but the overall focusing ability is deteriorated,
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Figure 3. LHM setup. Clockwise 45◦ phase shift, starting upper right.
while, during some phase shifts more than one focal points might occur. However, the appearance
of these points is unpredictable. The initial prerequisite of an expected focusing detection area, is
thus, not fully accomplished. Consequently, use of the specific LHM, cannot be considered useful
in the configuration examined.
The final attempt to enhance the focusing properties of the system is by placing lossless di-
electric media on the head-patch interface. Three setups were tested; a 1-cm thick lossless media
with dielectric constant equal to 6, the same media but 2-cm thick and finally a 1-cm thick lossless
dielectric of higher dielectric value, k=12.
The simulations results from each case are depicted in figures 4, 5 and 6 respectively, and
describe the expected behavior of the system under each of the abovementioned cases.
As it is clearly observed (see in figures 4, 5 and 6), in some cases, the use of lossless material
as matching media provides a clear in depth detection area of up to 4 cm, while the focusing
ability improves significantly, resulting, (figure 4), to an almost spherical focus area of radius r=1
cm. However, the dielectric properties and the thickness of the matching media are of critical
importance. The most appropriate media appears to have a dielectric value of k=6, and 1 cm
thickness. Thicker dielectric layers, as seen in figure 5, and/or media of higher dielectric constant,
figure 6, lead to decreased spatial resolution and detection depth.
4 Discussion and conclusion
In the framework of the present research a new, portable, low cost, radiometric system for poten-
tial brain imaging was discussed. In order to have a potential clinical value, the proposed sys-
tem, should be able to pick up conductivity and/or temperature changes from a well defined, in
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Figure 4. 1 cm thick lossless media, k=6, setup. Clockwise phase shift, 45◦ step, starting upper right.
Figure 5. 2 cm thick lossless media, k=6, setup. Clockwise phase shift, 45◦ step, starting upper right.
depth, brain region. The present paper concentrates on theoretically examining the feasibility of
the scope and on enhancing the system’s capability of mapping specified brain areas. Simulated
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Figure 6. 2 cm thick lossless media, k=12, setup. Clockwise phase shift, 45◦ step, starting upper right.
trials have shown that under certain conditions (use of specific dielectric matching materials) this
can be achieved. Use of these findings on real experimental conditions used in psychophysiological
measurements, could verify and emphasize its value.
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